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Abstract 
This paper introduces the design of a Marx Generator 
that can generate high attitude pulses up to 25 kV and 
2.5 kA. The pulses have a wave shape representative of 
that used to test High-altitude ElectroMagnetic (HEMP) 
filters against the pulse current injection (PCI) 
requirements. The rise time is 20 ns and the pulse width is 
230 ns on a 10 Ω resistor.  
In the design, it was found that parasitic effect of circuit 
components could significantly affect the performance of 
the generator. This is mainly because the pulse width is 
very narrow and its frequency spectrum is very wideband. 
The high-frequency circuit models of the components used 
in the generator were obtained by calculation and 
optimization, and then further verified by experiment. 
The verified circuit models were then used to design the 
three-stage generator. The measured performance agrees 
very well with the simulated one using the proposed 
circuit models. 
 
Keywords: HEMP, EMC, Parasitic, Pulse, Circuit Model, 
Marx Generator.  
 
1 Introduction 
High-altitude ElectroMagnetic Pulse (HEMP) filters help to 
safeguard equipment and systems against the potentially 
devastating effects of HEMP generated in the atmosphere [1]. 
Military computer and communications networks as well as 
civil and commercial infrastructure can be knocked out by 
HEMP if they are not adequately protected by filters. In the 
design of such filters, a HEMP generator is usually needed to 
test them. 
 
A Marx generator is a high-voltage pulse generator first 
described by Erwin Otto Marx in 1924. It has many scientific 
uses such as HEMP protection system testing, insulation and 
lightning safety testing [2][3][4]. The basic operation 
principle of the generator is to charge capacitors in parallel 
and then discharge them in series. Hence a high voltage pulse 
can be generated. This paper describes the design of a Marx 
generator that can be used for HEMP filter testing. The three-
stage generator can produce pulses with a peak voltage of 25 
kV and a width of 230 ns on a 10 Ω resistor. Since the pulse 
width is very narrow, its frequency spectrum is very 
wideband. Parasitic effects of those components used in the 
generator cannot be ignored. The paper will describe how to 
establish a circuit model for each component and use the 
circuit models to design a Marx generator. 
 
In this paper, the theory of generating standard compliant 
pulses is discussed in Section 2. The practical design and the 
measured results are described in Section 3. Discussions and 
conclusions are given in the final section. 
 
2 Theoretical Marx Generator Design 
The Marx generator circuit generates high voltage pulses by 
charging a number of capacitors in parallel first as shown in 
Figure 1. At the beginning the capacitors Ccharge are charged 
by the DC power supply through charging resistors Rcharge. 
When the spark gaps are triggered, the capacitors will be 
discharged simultaneously in series to generate a high voltage 
pulse. 
 
 
 
Figure 1. The circuit diagram of a typical Marx generator  
 
To meet HEMP protection specifications, such as MIL-STD 
188-125 [5], the generated pulses should have a rise time of 
less than 20 ns and a Full-Width at Half-Maximum amplitude 
(FWHM) of 500 ns. The pulses should have a double 
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exponential waveform as shown in Figure 2(a). While a 
simple RC circuit generates a single exponential waveform, 
the double exponential waveform can be obtained by the 
addition of another resistor and capacitor to the circuit as 
shown in Figure 2(b). The waveform can be expressed by 
 
𝑣(𝑡) = 𝑉(𝑒−𝛼𝑡 − 𝑒−𝛽𝑡) ( 1 ) 
 
where, on the condition that R2<<R1, 
 
𝛼 =
1
𝑅1(𝐶1 + 𝐶2)
 
 
( 2 ) 
 
𝛽 =
𝐶1 + 𝐶2
𝑅2𝐶1𝐶2
 
 
( 3 ) 
 
𝑉 = 𝑉0𝜂 = 𝑉0
𝐶1
𝐶1 + 𝐶2
 
 
( 4 ) 
 
Here the voltage V on the capacitor C1 is equivalent to the 
high-voltage generated by the capactors Ccharge in series as 
shown in Figure 1. R1 is equivalent to Rtail in Figure 1, R2 is 
equivalent to Rfront and C2 is equivalent to Cload, resepectively. 
The produced double exponetial waveform is applied on the 
load Rload. 
 
 
(a) 
 
(b) 
Figure 2. (a) The double exponential waveform [5] and (b) a 
typical circuit to generate the waveform.  
 
Based on the circuit shown in Figure 1, a Marx generator was 
designed and assembled as shown in Figure 3. When the 
generator was first tested, the measured response, as shown in 
Figure 4(a), was quite different from the ideal response as 
shown Figure 2(a). The magnitude of the measured voltage, 
hence the current as well, is much higher than the theoretical 
value. The width was much narrower, and the pulse has high 
peaks of both positive and negative voltages.  
The main reason is because the pulse to be generated has a 
narrow width, hence the spectrum is very wideband. The 
parasitic effect of the wires and other components 
significantly affect the circuit performance. 
 
To investigate the problem, first of all, the waveform shaping 
components equivalent to R1, R2 and C2 shown in Figure 2(b) 
was removed from the system and a 200 kΩ resistor was used 
as the load. The pulse with a relatively much wider width will 
be generated. The measured response is shown in Figure 4(b). 
It can be seen that the width of the pulse is 1.6 ms. The curve 
is very smooth and agrees very well with calculation. 
 
Therefore, to generate a narrow width pulse, the design of the 
generator needs to be improved by taking account of the 
parasitic effect. This will be discussed in the next section. 
 
 
 
Figure 3. A photograph of the assembled generator, a 
transient discharge (light blue sparks) was captured. 
 
3 Improved Design and Experimental Results 
The response of the Marx generator should be a double 
exponential waveform. The rise time of the pulse is less than 
100 ns, so the bandwidth of spectrum is from DC up to tens of 
MHz. The parasitic parameters of the parts and wires cannot 
be neglected and the circuit simulation should be improved. 
Figure 5(a) shows the design using improved PSpice circuit 
models [6][7][8][9]. The parasitic inductance of the wires, 
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and both parasitic inductance and capacitance of the resistors 
were taken into account. 
 
In the design, a PSpice circuit model is established for each of 
the components and each section of the wires. A one-stage 
Marx generator was constructed and measured to verify and 
optimize the proposed circuit models. The verified and tuned 
circuit model was then used to design a second-stage Marx 
Generator. The circuit models are further optimized and 
tweaked. Eventually the three-stage prototype Marx generator 
was designed using the verified circuit models. The simulated 
response of the improved design is shown in Figure 5(b). It 
can be seen that the generator can generate pulses with a 
magnitude of 23 kV on a 10 Ω resistor. The rise time is less 
than 100 ns and the FWHM is about 250 ns. 
 
(a) 
 
(b) 
Figure 4. (a) The measured pulse generated by the generator 
of the initial design. (b) a wide width pulse generated by the 
generator when the load is a 200 kΩ resistor. 
 
The measured response of the generator is shown in Figure 
5(c). The pulse has an FWHM of 230 ns. The rise time is 
about 20 ns. Except for the front spikes [10], the peak voltage 
is about 25 kV on a 10 Ω resistor, which is in very good 
agreement with the simulated one. It should be noted that the 
output voltages have negative values. If desired, positive 
voltages as shown in Figure 2(a) can be generated by either 
changing how the capacitors are connected or simply 
changing the polarity of the power supply. 
 
The Marx generator was also tested with a HEMP filter. The 
measurement setup is shown in Figure 6(a). The HEMP filter 
was developed by MPE Limited. The filter was a standard 
four-line (three-phase) 32 A mains power line HEMP filter. 
All lines are individually filtered and feature inductive input 
to offer both good continuous wave electromagnetic 
compatibility (EMC) performance and superior transient 
handling performance on supplies with low source 
impedance. The filter has very low residual pulse current for 
high safety margin, to be verified as shown below. 
 
 
 
(a) 
 
(b) 
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(c) 
Figure 5. (a) The circuit diagram of the Marx generator using 
circuit models to take account of the parasitic effect of all 
components, (b) the simulated pulse and (c) the measured 
pulse generated by the generator. 
 
 
 
 (a)  
 
 
 
(b) 
 
(c) 
Figure 6. (a) A photograph of the measurement setup to test 
the generator with a HEMP filter, (b) schematic circuit 
diagram of the measurement setup and (c) measured residual 
current waveform on the 2 Ω resistor. 
 
In the test, the output of the Marx generator was connected to 
the input of the HEMP filter. The output of the HEMP filter 
was connected to a 2 Ω resistor. The equivalent circuit 
diagram of the measurement setup is shown in Figure 6(b). 
The current on the 2 Ω resistor was monitored using a current 
probe. The measured residual current is shown in Figure 6(c). 
It can be seen that the highest residual current is less than 
0.2 A, which indicated the HEMP filter would be able to very 
effectively protect any HEMP with an injection of a few kA.  
 
4 Conclusions 
The design of a Marx Generator is introduced in this paper. 
The generator can generate high altitude pulses up to 25 kV 
on a 10 Ω resistor. The rise time is 20 ns and the pulse width 
is about 230 ns. Since the pulse width is very narrow and its 
frequency spectrum is very wideband, it was necessary to 
consider parasitic effect of components in the design. In the 
design, the circuit model of each component in the generator 
is proposed and verified by experiment using a one-stage 
generator. The verified circuit models were then used to 
construct the three-stage Marx generator. 
 
The measured response of the generator was in very good 
agreement with the simulated one using the proposed circuit 
models. The developed generator was further tested with a 
HEMP filter. In future work, the generator can be further 
improved to be fully compatible with HEMP protection 
specifications. 
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